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The Mirage of Genetic Engineering
by T. S. Cox

The extensive adoption of transgenic plants noweawmdy has provoked heated debate about its
effects on human health, rural life, and the emuinent. But too many critics are neglecting to
zero in on transgenic technology's Achilles heslinherent inability to deliver on its promises.
Longstanding theory and practice predict, and gngvavidence confirms, that transgenes cannot
dramatically accelerate plant breeding, let al@wolutionize agriculture, save the family farm,

or feed the world.

No faster, much costlier

At the 55th Annual Corn and Sorghum Seed Reseandfe@nce Proceedings held by the
American Seed Trade Association in December of 200€. Major M. Goodman and Matrtin L.
Carson of North Carolina State University addetheogrowing evidence that genetic
engineering is much more expensive and less eftettian plant breeding. They compared corn
inbreds that have been produced by two methodssdeme insertion and hybridization between
adapted and exotic germplasm.

Corn hybrids grown in the Midwest set new yieldarels almost every year. But Dr. Goodman
has spent the past 25 years demonstrating tha&t teerains much to be gained from the vast
array of corn varieties grown across the tropic€eitral and South America. He has used them
to breed competitive, genetically diverse inbregdi adapted to the United States. His work is
considered to be basic research with strictly lerga payoffs.

Goodman and Carson cite the example of NC296, lanedhline adapted to North Carolina but
developed from all-tropical parentage. Releasel®B0, it has been used to produce commercial
hybrids in the United States and at least two otbhentries. NC296 took 15 years to develop - a
long process, typical of breeding that uses exgarenplasm adapted to a different part of the
world. It was five more years before hybrids haiN@§296 as a parent were being grown by
farmers.

But compare that with the timetable foBeacorn inbred that carries a bacterial transgenéngod
for an insecticidal toxin. According to Goodman &warsonBacillus thuringiensis (Bt) was
used as an insecticide by the 1950s. The first ganeding thdt toxin was cloned by 1981. ...
Bt gene regulation was known by 1986Bt.was [inserted] into corn in 1990. Bt hybrids were
first sold in 1997. Becaud#t was a well-known entity with a long history of us®an "organic”
insecticide, little toxicity and allergenicity t@sfj were required for its initial use as a tranggen
Even so, its transgenic use took 17 years.

Of courseBt was one of the very first transgenes commercidliBeit while advances made in
biotechnology over the past two decades may make discovery, cloning and transfer



marginally faster, they cannot substitute for texgsing and field testing. No matter how quickly
one can carry out laboratory procedures, a ceniamnber of plant generations are needed to
accomplish any genetic manipulation, and the Mees of crop plants can be speeded up only
so much. Goodman and Carson list the steps thatanasr before a transgenic corn inbred -
with a truly novel gene, not just another versiéBb- can have its hybrid progeny tested in
yield trials:

1. Discovery of the gene.

Modification, producing what is known as a "constfuhat can be transferred to a new
species and, one hopes, perform as expected.

Efficacy testing.

Transformation of model species.

Construct comparison.

Transformation of maize plants.

Backcrossing the gene into best inbred lines.
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These steps occupy nine seasons, more or less, thieesuthors point out, at least as much time
is needed to bring the gene to the farmer. Thatga®includes testcrossing to a range of other
inbreds, applying for experimental permits, threarng of small-plot trials in different hybrid
combinations, Environmental Protection Agency @deae, two years of large-plot trials, inbred
and hybrid seed production, and sales. Even wéhuie of winter nurseries in the tropics to
achieve two generations per year, and even if horeseen delays occur, Goodman and Carson
estimate 15 years for development and deploymeathybrid with a new transgene. This is

only slightly shorter than the timetable for deyehg a hybrid from tropical germplasm through
sexual methods - a process that is considered lanlgeterm, basic research by most corn
breeders.

But there is a big difference between the two mathagies: the transgenic hybrid costs at least
25 times as much to develop and release to farn&8gimes when the current $150,000 in
federal permit and clearance fees are figured meirTmillion-dollar estimate for discovering a
new gene is based on the assumption that disc@/&ayone-in-10-year event by a $100,000-a-
year postdoc or equivalent (including salary anddasts.)" In other words, they are assuming
that for every ten postdocs or scientists searcfingew genes to clone, one gene per year will
be discovered and eventually utilized successfilhe authors don't estimate the number of
postdocs and scientists worldwide engaged in sativitg, but it is huge, with only a handful of
commercially useful genes discovered to date. Smd®an and Carson's estimate assumes a
steep decrease in future costs of gene discovée/evolving science of genomics may or may
not facilitate the search, but it cannot createegeAnd there are not very many genes that, taken
individually, will give major improvements in imp@ant traits.

One genevs. many

Even if genetic engineering does not speed uprieding process, and even if it costs a lot
more than sexual methods, it can, admittedly, predulants with unique traitH.the new trait is



one that improves the lot of the farmer, @il gives us more or better food on our table, iénd

it protects or restores the rural environment, th@mething might be accomplished. But the only
genes that have been deployed to date are onemréhaxpected to provide a return on
investment for the companies holding patents orgérees or methodologies. There is growing
evidence that they have not increased farmerslyial profits, enhanced food quality or
improved the environment. Indeed, transgenic teldgyo- that is, single-gene technology - is
not equipped to solve complex problems.

For decades, basic textbooks on plant breeding inalieded a section on backcross breeding, a
traditional technique for moving a gene from Pai¢aotl into Parent No. 2 while keeping most
of the other thousands of genes of Parent No.attinBound familiar? Transgenic technology is
just a high-tech form of backcross breeding, thig diiference being that it can import genes
from more distant branches of the evolutionary.tree

Textbooks also tell us that backcrossing is a uselunct to a breeding program, but that it is
limited to producing updated versions of yesterslayop varieties - nothing truly new. A
different sequence of techniguees been producing new crop varieties for over a agntu

1. Development of diverse gene pools
2. Recombination to shuffle the entire genetic deck
3. Selection

Sexual recombination in diverse crosses almostyayweoduces some offspring with unexpected
expression of traits and unprecedented trait coatinns. Breeders must sort through large
populations to identify progenies superior to aitharent, but the effort is rewarded when
unique trait combinations are identified and newetaes developed. Almost all new crop
varieties, traditional or modern, have arisen figmles of hybridization and selection in diverse
gene pools, with widespread exchange of seedsngsittubers, etc. among breeders. Without
diversity, recombination and selection, breedirigag to a halt.

The sacrifice of breeding programs

Genetic engineering is not simply being superimgasehealthy, well-funded breeding
programs; it is undermining them. To understand ,fmwmsider the economic tradeoff, based on
Goodman and Carson's estimates. If it is to prodsamany transgenic hybrids as non-
transgenic, exotic ones, a breeding program resjair28-fold increase in funding. (And, even
then, the resulting hybrids would embody far lessegic diversity.) That kind of increased
investment is rare. More often, 28 non-transgeglhrids or varieties will be sacrificed to
produce one transgenic product. Here, we shoulteq@oodman and Carson at length:

Once the euphoria over the promise of transgeamss, the closing of so many quality breeding
programs, the loss of valuable sales staff, andénéralization of decision-making at company
headquarters are almost certain to be regardedgis,teven by stockholders interested in short-
term profits. There are few good investments thatnaore long-term than rational plant
breeding. Repeated studies have shown that vehyratgrns on investment are available from
expenditures on [non-transgenic] breeding ... batreturns are not the instantaneous sort



favored by the five-year funding plans currentlwogue. The usefulness of a breeding program
is probably more dependent on continuity than inggnThe probability of great success by any
one breeder is small, but the odds of succesguiwp of reasonably competent breeders
working independently and continuously [and, | niighid, sharing seed] is high. At present, the
evidence that these same rules apply to biotecggasoalmost nonexistent.

The seas of corporate capital on which plant blotetogy has floated for two decades will
begin to dry up sooner or later. Genetic engingesrfollowing the trajectory of all the natural
and technological wonders that have come and gotiesihistory of plant breeding. Goodman
and Carson listed some past "bandwagons”, jusirim lereeding: mutagenesis, polyploidy,
haploidy, overdominance, harvest index, high lysemeall tassels, nitrogen fixation, nitrate
reductase, and somaclonal variation, among oth@esheyday of transgenes has lasted a bit
longer than most, probably because of its patetanpi@al and the flood of investment that it has
brought. Like some of its predecessors, it evehtwdll find a niche as another tool available to
plant breeders. But before its bandwagon rumblesf the sunset, it will leave a trail of
wreckage through our science, our rural environmreemd our food supply.
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